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Conclusion: In a comparative acute oral toxicity study in male .
Sprague rats, groups of males (l10/dose) received (by gavage)
DEET, PERM, or PB at doses ranged from 2000 to 5010 mg/kg for
DEET, from 316 to 2000 mg/kg for PERM, and 50 to 126 mg/kg for
PB. With probit analysis, the results indicated that the oral
LD., for DEET was 3664 mg/kg; PERM, 1000 mg/kg; PB, 61.36
mg/kg. These LDy, values were consistent with existing data.

In the interaction portion of the study, groups of animals (6
males/dose group) received (by gavage) a single dose which
were composed of different combinations of DEET, PERM, and PB.
The combinations consisted of varying doses of one chemical
(DEET, 0 to 6898 mg/kg; PERM, 0 to 3576 mg/kg; PB, O to 83.24
mg/kg} while keeping the other two chemicals at a constant
dosage which corresponded to the ILD,, (DEET, 1946 mg/kg; PERM,
279 mg/kg; PB, 45.76 mg/kg). The resulits indicated that
combining PB with either PERM or DEET resulted in statisti-
cally 'significant potentiation in mortality which was
substantially:greater than the expected additive effect (at a
dose which corresponds to LDm: 2x for PB + PERM; =»3x for PB
+ DEET). In contrast, combining DEET and PERM yialded a
mortality rate which was less than the eXpected additive
affact.
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DATA EVALUATION REPORT
study Type: A special study which employs acute oral toxicity

parameters to determine the effects of combining
pyridostigmine bromide (2R}, DEET, and permethrln

(PERM)
Chemical: DEET (N, Nudiethyl~m~toluamidej
- caswell No. 346 ‘DP Barcode Code: 217374

PC Code: 080301 Submission No.: This is not a submlssion.
Sponsor: U.S. Army

Testing Facility: U.S. Army Center for Health Promotlon and
. Preventive Medicine ' .
ARG, MD

Citation: McCain, W.C. (1995} Acute oral toxicity study of
pyridostigmine, permethrin, and DEET in the
laboratory rat. Unpublished report prepared by U.S.
"Army Medical (Research and Materiel Comnmand.
Toxicological Study No. 75-4B-2665. May 31, 1985.

Coneclusion: In a comparative acute oral toxicity study in male
Sprague rats, groups of males (10/dose) received (by gavage)
DEET, PERM, or PB at doses ranged from 2000 to 5010 mg/kg for
DEET, from 316 to 2000 mg/kg for PERM, and 50 to 126 mg/kg for

_PB. With prokit analysis, the results indioated that the oral
LDg, for DEET was 3664 mg/kg; PERM, 1000 mg/kg; PB, 61.36
mg/kg. These LDy values were consistent with exlstlng data.

In the 1nteract10n portion of the study, groups of animals (6
males/dose group) received (by gavage) a single dose which
were composed of different combinations of DEET, PERM, and PB.
The combinations consisted of varying doses of one chemical
(DEET, 0 to 6898 mg/kg; PERM, 0 to 3576 mg/kg; PB, 0 to 83.24
mg/kg) while keeping the other two chemicals at a constant
dosage which.corresponded to the LD, (DEET, 1946 mg/kg; PERM,
279 mg/kg; PB, 45.76 mg/kg). Tha results indicated that
combining £B with either PERM or DEET resulted in statistiw-
cally significant potentiation in mortality which was substan-
tially greater than the expacted additive effect (at a dose
which corresponds to LDy: 2X for PB + PERM; 3X for PB + DEET).
In contrast, combining BEET and PERM yielded a mortality rate
which was less than the expected additlva effact.

The possible mechanisms for the potentlgtlon'produced by
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N comblnlng PB with DEET or PERM are presented in the Discussion
sectlon of this DER.

METHODS and MATERIALS

Test. article: DEET {technical grade): 98.5% puré; a élear amber
licruid with 1little or no odor. Obtained from
Morflex, Inc., Greensbhoro, NC, - o

Permethrin (PERM) (technical grade): %1.6% pure
with a cis isomer percentage of 42.3%; an amber
liguid with a pungent odor. Obtained from'Coulston
Products, Easton, PA. - .

Pyridostigmine bromide (BP) is.a white cfystalline
powder with a purity of 99.1%. Cbtained from Walter
Reed Army Institute of Research, Washington, DC.

Test animals: Male Sprague-~Dawley rats (weighing between 250 and
' . 300 gm. These rats were obtained from Charles
River, Inc., Raleigh, NC.

STUDY DESIGN and RESULTS
This study consisted of 2 phases.
. Phase I,the test animals were divided into 10 animals per dose
group, and each chemical was tested in five dose levels. A

vehicle control (propylene glycol) group was also included.
The dose levels for each chemical are as follows:

- - g fky :
DEET . 2000 2510 3160 "3s580 5010
PERM 316 511 794 1260 ¢ 2000

PEB 50 63 79 100 . 126

The test animals were fasted overnight, and test article was
administered in propylene glycol by gavage at volume of 10
ml/kg. The trected animals were observed hourly until the
dark cycle. Gross necropsy was performed on all test animals
as soon as possible after death. The surviving animals were
sacrificed after 14 days. ‘ ' .

Ragults: The mortality for each chemical in different doses are -
‘presented in Table 1. Using probit analysis, theé lethal doge-
response information was derived (Table 2). The raesults
showaed that the oral LD, for DEET was 3664 mg/kg; PERM, 1000
mg/kq, PB, 61,36 mg/kg. The value for oral LDg (3664 mg/kg)
'is consistent with those (2100 to 3200 mg/kg) reported in the
DEET Registration Standard (December 1880).
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+: Data excerpted from the 1i.5. Army, Toxi,

e
Study Ho, 75-48-2665 (DPZ217374).

- . 3 .

Table 1'. Mortality in DEET, PERM, and PB treated fale rats.

. Dose {mg/kg)

DEET _ .

2000 2510 3160 . 3980 5010
Mortality § 1710 | 3/10 6/10 4720 | 7/10

__Dose (mg/kg)

PERM ' _
316 511 794 1260 2000
[Mortality 0/10 5/10 /10" - 6/10 6/10
1

Dose (mg/kg
PB ' -
50 63 - 79 100 126
Mortality 4710 3/10 8/10 10/10 T 10/10

Table 2. Dose 1evels derlved from Phase I data for posmtlve
- control portion of the study.

Probit PB PERM DEET
{3lethality) my /Ky ng/kg ma /Ry

4 {(16%) 45,76 279 1946

4.5 (30%) 52,59 511 2628

5 (50%) 61.36 HiUOO -3664

5.5 (70%) . 71.59 1853 5109

6 (84%) . 83.28 3576 6896 |

+: Data excerpted- from the U.5. Army, Toxi.

Study h’o. 75-48- 2665 (DP2173743 .

Phase JI, this phase'bf the study was divided into 2 portions:

Animals in the

Positive control. portlon. 15 groups, 6 males
per group

Interaction portlon:

18 groups,

10 males -
per group

positive control group ‘recelved the test
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chemicals in propylene glycol by gavage at the dose levels

derived by probkit analysis of the Phase I data as 1ndlcated in
Table 1 for the 3 test: chemlcals.

For the jnteraction portion of the study, the amimals received
varying dose levels of one chemical in combination with two
other chemicals, each of which was at the dose level corres—
ponding to 16% lethality as shown in Tables 1 & 2. The

' comblnatlons for dosing {expressed as lethal dose (LD)}] are
presented in Table 3.

Table 3 . Study design for the interaction portion

Dose First cmpd | Second Cmpd | Third Cmpd | Exp, Addi.’
Group LD D LD ¢mpd LD
! 16% - 16% 0% 32%

2 16% 16% 16%  48%
3 16% 16% 303 ..62%
4 16%. 163 50% 82%
5 16% : 16% . 70% >100%
5 | 16% 16% 84% >100%

+1 Data excerpted from the U.S. Army, Toxi. Study No. ?5 48- 2665 (DP217574).
" *: Expacted additive compound LD.

After dosing the test animals were observed hourly until the
end of the light cycle. The test animals were sacrificed at
the end of 14 day study period. Bany test animals that died on
study or sacrificed at the end of the study were examlned for
gross pathological lesions.

‘Results:

Eostlve control portion: The report stated that data-obtained
from the positive control group were not significantly
different from Phase I dose-response - information. No
data were presented for this portion of the study.

Interaction portion: Figures 1, 2, & 3 shows the results of
‘administering a combination of the three chemicals.

E_gg;m“; (p. 7) shows that the actual mortallty {(dark
"stippled bar) in rat, which received wvarying doses of
'DEET and a dose of PERM and PB which corresponds to LDy,
was substantially greater than the expected mortality at
- dose level of 2628 mg/kg or below. Even at 0 mg/kg DEET
(first dosage), PERM and PB induced substantially greater
.mortality rate (x2X)} than the expected additive effects
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dosage‘of DEET to 3664 mg/kg or_more'did not prdduce a
corresponding increase in mortality (Figure 1).

Figure 2 (p.7) shows the results of varying the dosage of
PERM while keeping the dose of DEET and PB at LD, level.
The response of combining DEET and PB in the presence of
0 mg/kyg PERM {first dosage) was dramatically greater (3X)
than the expected result. The other combinations gave:
similar results as in Figure 1.

Figure 3 (p 8) shows that in the presence 0 mg/kg PB,

PERM and DEET (first dosage) produced a mortality 2X less
than the expected mnortality. As soonmr as PB was
introduced into +the combination, the mortality was
- greated than that expected.

Pigure 4 (p. 8) summarized the results of the first
dosage level as shown in Figures 1, 2, & 3 (i.e., the
combination of two chemicals). The results showed that
combining PB with either PERM or DEET resulted in
statistically significant- increases 'in mortalitly, and
the increases were substantially greater than the
expected additive effects. In contrast, exposure to a
combination of DEET and PERM produced a mortality rate,
which was less than the expected additive effect.

DISCUSEION

In a comparative acute oral toxicity study in male Sprague
rats, groups of males (10/dose)} received (by gavage) DEET,
PERM, or PB at doses ranged from 2000 to 5010 mg/kg for DEET,
‘from 316 to 2000 mg/kg for PERM, and 50 to 126 mg/kg for PB.
With probkit analysis, the results indicated that oral LD;, for
DEET was 3664 mg/Kg; PERM, 1000 mg/kg; PB, 61.36 mg/kg.. These
LD,, values were consistent with existing data. :

In the 1nte;ac;ign gcgtion of the study, groups of animals {6
males/dose group) received (by gavage)-a single dose which was
composed of different combinations of DEET, PERM, and PB. The
combinations consisted of varying doses of one chemical (DEET,
0 to 6898 mg/Kkg; PERM, 0 to 3576 mg/kg; PB, 0 to 83.24 mg/kg)
while keeping the other two chemicals at a constant dosage
which' corresponded to the ID,, (DEET, 1946 mg/kg; PERM, 279

. mg/kg; PB, 45.76 mg/kg). The results indicated that.combining
PB with either PERM or DEET resulted in statistically
significant potentiation in mortality which was substantially
greater than the expected additive effect (at a dose which
corresponds to LDm 2X for PB + PERM; 3X for PB. 4+ DEET). In
contrast, combining DEET and PERM yielded a mortality rate
which was less that the expected additive effect.
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The” author of the report offered an explanation for the
potentiation of mortality produced by the combination of PB
with either DEET or PERM. A possible mechanism for DEET is
that when PB is combined with DEET, DEET may facilitate the
absorption of PB because (1) PB . is poorly absorbed by the gut,
but (2} DEET has been used as a transdermal carrier molecule
for the delivery of drugs and other agents {Hussain and Ritschel
(1988), Reifenrath et al (1984), Windheuser £t al. (1982)). This would
lead to an increase in the PB level in the blood. Since the
mode of action for PB is inhibition of cholinesterase
activity, with hlgher blood levels of PB the 1nh1b1tlon is
increased resulting in higher mortality. .

A possible mechanism for the observed potention produced by a
combination of PB and PERM is the inhibition of the detoxifi-
cation system (U.s. Army, Study No. 75-48-2665). It has been shown
that hydrolysis of the ester bond in PERM is mediated by non=
specific esterases. When an animdl was exposed concur-rently
to both pyridostigmine and PERM, inhibition of the esterases
by PB would lead to decreased hydrolysis and .increased
residence time of permethrin in the body .
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3 figure 1°. Resporar of raty given various doses of DEET With 0y, of permethrin and pyridostigeing
(additive LD;,) as compared to expected additive wmortality. (n=10 males/grouws).

#1 figure excarpted from the 1.5. Army, Toxi. Study No. 75-48-2665 (DP217376). o
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Fiu&sﬂ . ﬂupmte nf rats given various doses of permathein with LD\, of DEET and pyridestiomine
(additive Dy;) e compared to expectes sdditive mortality. (b males/groun).

+z H gure excerpted from the U,S. &my, Yoxi. study No. T5-45-2645 (DP173T4).
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Figure 3*. Response of rats given varicus dozes of pyridestigmine with (0,, of permethrin and QEET
(additive LD,,) as compered to expected sdditive mortaiity. (p=10 maies/group)

+: Figure excerpted from the U.S. Army, Toxi. Study Ho. ?5-48-2655 CoPRITE4). .
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Flgure 4*. A Comperizon of mortef{tiea sstocisted with the first dozage ievel which ruu!tedhwn of
tno compounds (sdditive LDy,) only. (n=10 maies/group).

+3 Figure excerpted from the U.5. Army, Toxi. Study Wo. 75-48-2665 (DP217374).



